Water availability and soil physicochemical properties are the most important factors for the establishment and growth of plant seedlings in arid and desert areas. Improving water use efficiency and soil properties are two major factors for sustainable development in these regions. Therefore, this research aimed to study the effectiveness of biological hydrogel (b), PLANTBAC vegetation layer (PB), sand (sa) and barley straw (st) with inter-row system on some soil properties, including N, Cl, Zn, Fe, clay, silt and sand percentages, and water use efficiency under the cultivation of Nitraria schoberi. This experiment was tested in a split plot design with 3 replications and 10 observations in 2015 during 2 years at Semnan province's Natural Resources Research Station. Data analysis was carried out in SAS software version 9.1.3. According to the results, the highest amount of Cl was obtained at non-micro catchment by straw and sand treatments, as well as at micro catchment by PB treatments. The highest amount of Zn was obtained at non-micro catchment by straw treatment (1.106). The results of mulch effect on Fe showed that four mulch treatments did not have significant difference with the control. Also, the highest amount of total N content was observed at micro catchment by hydrogel treatment. There was not any significant difference among environment and clay, silt and sand treatments and about plant establishment and, all four mulch treatments had significantly higher moisture content and establishment than the control. The results of mulch effect on water use efficiency showed that there was a significant difference between all four mulch treatments (P < 0.01) and the control. The highest water use efficiency occurred in Thus, considering the effects of different types of mulch on soil properties and considering the price of each, the availability and area conditions, they can be used to establish plants in desert areas, and therefore, restore these areas.
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Introduction
One way to use saline soils and water in desert area is to identify and use salt and drought tolerant plants [1] [2] [3] [4] [5] . Another strategy is use of hydrogels.
Water retained in hydrogels serves as a soil water reservoir to maximize the uptake of water by plants. In addition, the use of appropriate amending materials can improve chemical, physical and biological properties of soil and reduce soil salinity and other stresses [6] . They also act as an intermediary which influences the antioxidant defense mechanisms [7] , and improve unfavorable soil properties and nutrient uptake by increasing macro-aggregates, organic carbon and macro-nutrient status [8] . Mulch protects soil from water erosion by reducing the impact of rain drops. Partial residuals of mulch in soil can strongly affect dynamics and amount of runoff [9] .
Blavet et al. [10] , reported a significant reduction of soil loss when plant debris was retained on the soil surface. Higher amounts of residuals on soil surface have positive effects on soil erosion control, organic matter content and physical, chemical and biological properties. The effect of plant residues on soil organic matter content is strictly related to the amount of organic matter and slightly to type of materials [11] . Straw and other mulches are temporary solutions for poor soils [12] . Straw mulch reduces runoff, increases infiltration, moderates soil surface temperature and reduces evaporation [13] [14] [15] . In developing countries, gravel or sand is usually preferred because of their low cost and availability.
Gravel effectively reduces evaporation and runoff, improves infiltration, moderates soil temperature and retains soil fertility [16] . It can also indirectly improve crop yield via the interaction between increased soil water and moderated soil temperature.
Hongyong Sun [17] , investigated the determination of water use and storage potential with three types of mulch, which showed that straw mulch had lower water consumption and water storage capacity than two other mulches. Zhao et al. [18] , examined the effect of straw mulch on soil moisture and salinity. The results showed that in mulch plots, salinity decreased and soil moisture content increased compared to non-mulch plots. Kaltenleithner et al. [19] , investigated the effect of gravels on soil water content in northern Ethiopian heights. The results showed an increase in soil water content. Yang et al. [20] , concluded that a to use rain water harvesting techniques along with absorbent materials and amendments, related to the condition of the area in micro and even macro scales. These measures can to some extent guarantee the success of seedlings establishment and water use efficiency [24] . As previously stated and regarding the rich background of applying oil mulches in Iran and elsewhere, some adverse environmental properties might be conceived for oil mulches. They also require expensive transportation costs, and hence could be replaced with new and more compatible materials [25] . Therefore, this research takes a closer look at the effectiveness of biological hydrogels (biological mulch or b), PLANTBAC vegetation layer (pb), sand (sa) and barley straw (st) along with rain water harvesting techniques in micro-catchment scale (inter-row system) on some of soil chemical and physical properties such as nitrogen (N), chloride (Cl), zinc (Zn) and iron (Fe), clay, silt and sand percent, bulk density and water use efficiency under cultivation of Nitraria schoberi.
Materials and Methods

Study Area
The study was carried out during 2 years in 2015 at Semnan Natural Resources
Research Station, as a typical desert area (The latitude and longitude of the research area are 53˚28' and 35˚35' northeast), with an average precipitation of 109.3 mm that most of which falls in winter. The evaporation rate and sunny hours reaches to as high as 2582.3 mm and 3134.5 h. Average annual temperature, the minimum relative moisture and annual frosting days is 18˚C, 23% and
19. This area is characterized by an arid and cold climate based on the de Marton method (meteorology organization of Semnan province). Runoff from ridges is stored among them.
Research Methodology
Mulch and moisture absorbent materials were at five levels (biological hydrogel or biological mulch), PLANTBAC, sand, straw, and control treatment). replications. The environmental factor with two levels (non-micro-catchment and micro-catchment) and mulch application with five levels (control group, PLANTBAC, bio-hydrogel, straw, and sand) were included in data analysis as independent variables. The analysis was performed using SAS software version 9.1.3. The mean comparison of was performed using the LSD test. Moreover, the correlation between different factors was evaluated using the Pearson correlation coefficient, and the results are provided in details as bellows.
Results and Discussion
The results of soil properties analysis (nitrogen, chloride, zinc and iron, clay, silt and sand percent, bulk density and water use efficiency) are provided in Table 1 and Table 2 . Since this is the first time that the bio-hydrogel and PLANTBAC treatments have been used for this purpose, we were unable to compare with other research articles, However, there are some cases for application of sand and straw mulches. Data normality for Cl − was confirmed by all four methods.
The results of variance analysis showed that the effects of mulch and mulch × environment are significant (P < 0.01) ( Table 1 ). The highest amount of Cl − for non-micro-catchment environment was for straw (26.1) and sand (24.733) and for micro-catchment environment was for PLANTBAC treatments (27.344) ( Table 2) . Also in the non-micro-catchment environment, Cl − level in sand and straw treatments were significantly higher than the control ( Pearson correlation analysis between soil Cl − and other properties showed that chloride has moderate negative correlation with magnesium (−0.525) and moderate positive correlation with the soil phosphorus (0.535). According to Yong et al. [27] concluded that hydrophilic polymers contribute to Populus popularis Data normality for Zn was confirmed by all four methods. The results showed that the effects of environment, mulch and mulch × environment were significant (P < 0.05) ( Table 1 ). The highest Zn content was for straw treatment (1.106) and non-micro-catchment environment (Table 2) [29] , showed that sand mulching provides nutrients (Zn) in the root zone. Since organic mulches decompose under appropriate water and temperature levels, nutrients (Zn) are released to the soil and become available for root uptake or microbial use [30] .
Data normality for Fe was confirmed by all four methods. The results showed that the effect of mulch was significant (P < 0.05) ( Table 1 ). Mean comparison of mulch effect on Fe showed that all four mulch treatments were not significantly different from the control (Table 2) . However, the highest amount of Fe occurred in PLANTBAC treatment with a significant difference from bio-hydrogel, straw and sand treatments (Figure 2 . [29] showed that sand mulching provides nutrients (Fe) in the root zone. Since organic mulches decompose under appropriate water and temperature levels, nutrients (Fe) are released into the soil and become available for root uptake or microbial use [30] .
Data normality for N was confirmed by all four methods. The results showed that the effects of mulch and mulch × environment were significant (P < 0.01) ( Table 1 ). The highest total N occurred in micro-catchment environment and hydrogel treatment (0.066) ( Table 2) . Also in non-micro-catchment treatment, The straw mulch did not result in greater soil nitrogen [31] . Although gravel-sand mulch can conserve soil moisture, it may also lead to long-term decrease in total organic N [32] . In study by Ni et al. [29] , sand mulch did not affect total nitrogen content, but it increased the available nitrogen. Since organic mulches decompose under appropriate water and temperature levels, nutrients (N) are released to the soil and become available for root uptake or microbial use [30] . Gravel mulches always contain fewer nutrients and are difficult for microorganisms to decompose. Thus, increase in SAN (soil available nitrogen) content after RG (round gravel) treatment are due to the fact that gravels provide a suit- sults are similar to those of [35] and [36] . It is argued that nitrogen mineralization capacity is higher at the soil surface and decreases downward. The addition of compost to the soil increases NH +4 level due to ammonification, promoting the growth of the nitrifying bacteria population. This may explain the higher nitrate concentration in mulched plots [37] [38].
Data normality for clay content was confirmed by all four methods. The results showed no significant difference between the treatments (P < 0.05) ( Table   1 ). Therefore, we can conclude that there wasn't a significant difference between the environment and the treatments in terms clay. Pearson correlation analysis between the clay with other properties showed that the clay has moderate positive correlation (0.486) with WSC.
Data normality for silt content was confirmed by all four methods. The results showed no significant difference between the treatments (P < 0.05) ( Table 1) .
Consequently, it can be concluded that there was no significant difference be- Data normality for sand content was confirmed by all four methods. The results showed no significant difference between the treatments (P < 0.05) ( Table   1 ). Accordingly, it can be concluded that there was no significant difference be- [40] , soil texture and structure affect moisture and influence plant seedlings establishment. This study only examined a two-year-old gravel-sand mulch; however, the assessment of the long-term effects of gravel-sand mulch on soil texture requires further studies [41] .
About bulk density, Data normality for bulk density was confirmed by all four methods. The results of the analysis of variance showed that the effect of mulch was significant (P < 0.01) ( Table 1 ). The comparison of the average effect of mulch on soil bulk density showed that both PLANTBAC and bio-hydrogel treatments had bulk densities significantly less than the control. The sand and straw were also not significantly different from the control (Figure 3 ).
Pearson correlation analysis between bulk density with other properties showed a moderate negative correlation with carbon storage and leaf area of plant, dry biomass weight, nitrogen, plant's C storage, root and leaf dry weight climate and management. Ji and Unger [42] showed that organic matter reduces soil bulk density. In contrast, other researchers have observed that mulching either significantly increase soil bulk density [43] or does not change it [44] [45]
[46]. Alharbi et al. [34] observed that adding water absorbent polymers to the soil has a favorable effect on soil bulk density. Ni et al. [29] showed that round gravel mulching does not affect soil bulk density.
Data normality for water use efficiency (WUE) was confirmed by all four methods. The results of showed a significant effect for mulch application (P < 0.01) ( Table 1 ). Mean comparison of the effect of mulch on water use efficiency showed a significant difference with the control. The highest water use efficiency occurred in sand treatment, and the lowest was under straw mulches. The PLANTBAC and bio-hydrogel treatments did not differ significantly in terms of water use efficiency (Figure 4) . Ni et al. [29] showed that mulching improved plant growth by improving water use efficiency. Some studies suggest that gravel Figure 3 . Effect of different treatments on bulk density. Other symbols mean biological hydrogels (b), PLANTBAC vegetation layer (pb), sand (sa) and barley straw (st). Sivapalan [48] , reported that the amount of water retained by a sandy soil in the pressure of 0.03 MPa increases significantly with the addition of 0.03% and 0.07% polymer to 23 and 95 percent, respectively. It was reported that with use of 0.03% and 0.07% polymer, water use efficiency for plants increases by 12%
and 19%, respectively. This mulch also reduces the amount of water lost by deep percolation. When the pressure rose from 0.01 to 1.5 MPa, the polymer was able to retain more water. According to Tongway and Ludwig [49] , seed germination and seedling establishment improve with the technique that increases soil moisture availability [50] . In a study entitled "the effects of mulching on soil properties and runoff under semiarid conditions in southern Spain" it was concluded that mulch compensates for moisture uneven distribution, controls raindrops energy, delays runoff and increases infiltration of rainwater during storms. Yasuda et al. [51] investigated the effect of zeolite on erosion and salinity control.
In this study, zeolite increased soil water holding capacity and it was introduced as a tool to reduce the effect of salinity on plants irrigated with saline water.
According to Yang et al. [32] concluded that the super absorbent polymer is Ghayor [52] , in a study using 5 gr/l superabsorbent and different irrigation intervals in a Haloxylon plantation, concluded that the superabsorbent enables delaying irrigation times due to its water holding capacity and improves seedlings survival and establishment. The results of Jimenez et al. [53] on impacts of sand mulch on soil and water conservation in arid region of Lanzarote in Spain showed a 76% reduction in water loss through evaporation. Haishenet et al. [41] in a research entitled the effect of sand-gravel mulch on soil moisture and temperature in the loess semi-arid North-West China showed that mulching has a positive impact on soil water holding capacity (3.8 cm against 1.9 cm in the control) and temperature (10.8˚C against 6.2˚C in the control). Also, mulching reduced evaporation and enhanced water penetration. Norafkan [54] argued that the addition of amending materials to the soil increases water use efficiency and improves soil physical
properties. In astudy of Yüksek and Yüksek [55] , field capacity, permanent wilting point, plant available water and saturated hydraulic conductivity improved significantly due to the application of mulch. Li et al. [56] demonstrated that mulch can control soil erosion and capture wind sediments, which could reduce air pollution. Mulch can also reduce erosion by reducing surface runoff. Many studies have shown that gravel mulch reduce evaporation and runoff and effectively improves soil permeability and fertility.
About Percentage of plant establishment data normality for bulk density was confirmed by all four methods. The results of analysis of variance showed that the effects of environment, mulch and mulch environment were significant (P < 0.05) ( Table 1 ). The results of the mean comparison showed that the highest amount of establishment was found in microcatchment environments and straw treatment. Also, in microcatchment, the level of establishment in the three treatments of PLANTBAC, sand and hydrogel had a significant difference with the control (Figure 5 ).
Pearson correlation analysis showed that the percentage of plant establishment with the other characteristics measured in soil and plant showed that the percentage of plant establishment with EC and pH had a moderate negative correlation 
Conclusion
In this study, the greatest amount of Cl − occurred in straw and sand treatments in the non-micro-catchment environment and PLANTBAC and straw treatments in the micro-catchment environment. Hence, PLANTBAC and straw mulches are recommended for the soils with low Cl − levels. The highest Zn values found in the straw treatments in non-micro-catchment environment; but in the micro-catchment, all treatments showed no significant difference from the control. As a result, the micro-catchment and non-micro-catchment environment has no significant impact on the amount of Zn. The treatments had no significant impact on Fe. However, the highest amount of Fe was obtained in PLANTBAC treatment. The greatest amount of total N was observed in micro-catchment environment under hydrogel treatment. Also in non-micro-catchment environment, total N was significantly higher in hydrogel, PLANTBAC and straw treatments in comparison with the control. Hydrogel treatment had a major impact on non-micro-catchment and micro-catchment environments. Also, there was no significant difference among the environments and different treatments in terms of the amount of clay, silt and sand, reflecting the fact that mulch cannot change the texture of the soil in the short term. The PLANTBAC and bio-hydrogel treatments had significantly lower bulk density values than the control; indicating more available pores for air, water infiltration and root penetration. The treatments of sand and straw were not significantly different from the control.
All treatments had significant differences with the control regarding water use efficiency. About Plant establishment, the highest amount of establishment was found in micro-catchment environments and straw treatment. Also, in micro-catchment, the level of establishment in the three treatments of PLANTBAC, sand and hydrogel had a significant difference with the control improving water use efficiency under mulch application is indicative of improvements in moisture availability and seedlings establishment in desert areas. The best water use efficiency was observed in the sand treatment, and the lowest level was under straw treatment. PLANTBAC and bio-hydrogel treatments were not significantly 
